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(54) SINTERED MAGNET AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To provide an inexpensive thin magnet by suppressing fluctuation in the dimensions 
of an R— T-B based sintered magnet at the time of sintering thereby eliminating the need of 
grinding after sintering. 

CONSTITUTION: A molded item of a powder containing R (at least one kind of rare earth 
element containing Y), T (Fe and/or Co) and B where the average particle size of main phase 
comprising R2T14B is 20|im or above, and a powder containing 75-97wt.% of R and the 
remainder of Fe and/or Co which is blocked by a screen of 38|arn mesh or above but passes a 
screen of 500|im mesh or less is sintered to produce a sintered magnet containing 3-15vol.% of 
closed pores. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the rare earth sintered magnet with small 

contraction and its manufacture approach at the time of sintering. 

[0002] 

[Description of the Prior Art] As a rare earth magnet which has high performance, the thing of 
energy product 32MGOe is mass-produced with the Sm-Co system magnet by powder-metallurgy 
processing. Moreover, R-T-B system magnets (T is Fe, or Fe and Co), such as a Nd-Fe-B magnet, 
are developed in recent years, and the sintered magnet is indicated by JP,59-46008,A. A R-T-B 
system magnet has a cheap raw material compared with a Sm-Co system magnet. The powder 
metallurgy process (dissolution -> casting -> ingot coarse-grinding -> pulverizing -> shaping -> 
sintering -> magnet) of the conventional Sm-Co system is applicable to manufacture of a R-T-B 
system sintered magnet. 

[0003] With the R-T-B system magnet, the BONDIDDO magnet which combined the magnet 
powder other than a sintered magnet with the resin binder metallurgy group binder is also put in 
practical use. Since the dimension in the case of shaping is maintained mostly, a BONDIDDO 
magnet has high dimensional accuracy and does not need configuration processing after 
manufacture. However, since the polycrystal particle which consists of a fine crystal manufactured 
with quenching methods, such as the single rolling method, is used for the BONDIDDO magnet of 
the R-T-B system industrialized, anisotropy-izing by shaping among a magnetic field etc. is difficult. 
Since coercive force is decreasing sharply by distortion, oxidization, etc. by grinding, the pulverized 
powder of a R-T-B system sintered magnet cannot be used as raw material powder of a BONDIDDO 
magnet. In addition, the pulverized powder of a R-T-B system alloy ingot is made to react with 
hydrogen, it decomposes into a rare earth hydride, the way ghost of T, and T, and the proposal which 
deposits the fine crystal to which crystal orientation was equal within each particle is also made by 
carrying out a dehydrogenation at predetermined temperature. Although magnetic field orientation is 
possible for the polycrystal particle obtained by this approach and high coercive force is acquired 
with a fine crystal, since a process becomes complicated in order to use hydrogen, it is not put in 
practical use. 

[0004] A high property is acquired in order to obtain an anisotropic magnet easily on the other hand 
in order to fabricate the powder which consists of a single crystal particle substantially all over a 
magnetic field in a R-T-B system sintered magnet, and not to use a binder moreover. However, in a 
sintering process, a Plastic solid contracts remarkably to sintering reaction time, and since the 
contraction is uneven, maintenance of the dimensional accuracy of a Plastic solid is difficult. This 
contraction changes with the amount of preferred orientation of the particle in a Plastic solid, 
dispersion of a consistency, etc. a direction vertical to the direction of an easy axis, and it in an 
anisotropy sintered magnet - contraction - differing - for example, the consistency of a Plastic 
solid - 4.3 g/cm3 it is - the time - a direction vertical to about 22% and it in the direction of an 
easy axis about 1 5% - becoming - the consistency after sintering - 7.55 g/cm3 It reaches. 
[0005] In the case of the thing of thin meat, such a dimensional change especially in an anisotropy 
sintered magnet becomes with a problem with a ring-like magnet or a tabular magnet. It is because 
curvature will occur if contraction becomes an ununiformity in a light-gage magnet. Then, on the 
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occasion of commercial production, in order to amend such a dimensional change, the grinding 
process of the sintered compact is carried out. However, there is a problem which is described below 
in a grinding process. 

[0006] ** The amount of ingredient loss of the sintered compact at the time of a grinding process 
becomes large. For example, since it is necessary to manufacture a sintered compact with a thickness 
of about 3mm, and to carry out grinding of the vertical side of this first when 1mm curvature occurs, 
in case a light-gage tabular magnet with a thickness of 1mm is produced, two thirds of ingredients is 
lost. In order to avoid such loss, even when quarrying out two or more light-gage tabular magnets in 
thickness of 1mm from one heavy-gage base material, about 40% of loss will arise that the face 
width of the cutter for grinding is 0.6mm. Moreover, since the mechanical strength is small, a chip 
and a crack will tend to generate the sintered compact of thin meat in the case of the impact at the 
time of processing, or handling, and the yield will become low. 

[0007] ** Magnetic properties fall. Depending for the coercive force of a Nd2 Fel4B system 
sintered magnet on existence of Nd rich phase of a grain boundary is reported in detail in various 
papers etc. In case the sintered magnet of this system is processed, a crack etc. will arise in the grain 
boundary of the field near a processing side with stress, and coercive force will be lost in the field 
from a processing side to a depth of 0.1 -0.2mm. Even if disappearance of a magnet property [ / near 
the processing side ] can ignore with a heavy-gage magnet, with a light-gage magnet, effect will be 
large and magnetic-properties degradation as the whole magnet will become clear. In addition, it is 
possible to remove the field where coercive force disappeared by processing by acid etching, and the 
amount of loss of a sintered compact will increase further, and a manufacturing cost will also 
increase. 

[0008] With the light-gage anisotropic magnet with which longitudinal direction die length / 
thickness amounts to ten or more, the Sm-Co system BONDIDDO magnet is used and the cost high 
usually poses a problem from such a situation. Although the light-gage sintered magnet of a R-T-B 
system also exists, processing for size adjustment is indispensable, and since the ingredient yield in 
the case of processing moreover becomes 20 - 30%, it has the cost high too. 
[0009] 

[Problem(s) to be Solved by the Invention] By suppressing the dimensional change at the time of 
sintering in manufacture of a R-T-B system sintered magnet, this invention makes the grinding 
process after sintering unnecessary, and aims at offering a cheap light-gage magnet. 
[0010] 

[Means for Solving the Problem] Such an object is attained by this invention of following the (1) - 
(15). 

(1) The sintered magnet which is a sintered magnet containing R (R is at least one sort of the rare 
earth elements containing Y), T (T is Fe, or Fe and Co), and B, and is characterized by 3-1 5 volume 
% Including a close hole. 

(2) Consistencies are 7.15 g/cm3. Sintered magnet of the above (1) which is the following. 

(3) the average projection cross section per close hole — 1000-30000 micrometers 2 it is - the above 
(1) or sintered magnet of (2). 

(4) One sintered magnet of above-mentioned (1) - (3) whose ratios of an open hole are below 2 
volume %. 

(5) R - 30 - 45 - % of the weight - B -- 0.5 - 3.5 - % of the weight - containing - the remainder - 
substantial — T — it is — the above — (— one — ) - (— four — ) — either — a sintered magnet . 

(6) R (R is at least one sort of the rare earth elements containing Y), T (T) The sintered magnet 
which contains B and it is Fe, or Fe and Co After fabricating the mixture of the powder of the 
hardener for the main phases, and the powder of the hardener for grain boundary phases, Are the 
approach of manufacturing by sintering and said hardener for the main phases has the crystal grain 
which consists of R2 T14B substantially. Mean particle diameter is 20 micrometers. Are above and 
said hardener for grain boundary phases contains R 70 to 97% of the weight. The remainders are Fe 
and/or Co substantially and an aperture is 38 micrometers. It remains to the above sieve and an 
aperture is 500 micrometers. The manufacture approach of the sintered magnet characterized by 
being what passes the following sieves. 

(7) The manufacture approach of the sintered magnet the above (6) which makes the ratio of the 
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powder of the hardener for grain boundary phases in said mixture 2-20 % of the weight. 

(8) The manufacture approach of of the above (6) or the sintered magnet of (7) with which Nd 
occupies 50% or more of R of said hardener for grain boundary phases. 

(9) The manufacture approach of one sintered magnet of above-mentioned (6) - (8) which 
manufactures said hardener for grain boundary phases with a melt quenching method. 

(10) The manufacture approach of one sintered magnet of above-mentioned (6) - (9) which sinters at 
the temperature more than the melting point of said hardener for grain boundary phases. 

(1 1) The manufacture approach of one sintered magnet of above-mentioned (6) - (10) which sinters 
in a vacuum. 

(12) Consistency 5.5 g/cm3 Consistency change is the above Plastic solid 0.2 g/cm3 The 
manufacture approach of one sintered magnet of above-mentioned (6) - (1 1) which has the process 
sintered so that it may become the above. 

(13) Anti-chip box reinforcement is 2 0.3 kgf(s)/mm. The manufacture approach of one sintered 
magnet of above-mentioned (6) - (12) which sinters the Plastic solid which it is above. 

(14) Compacting pressure is 8 t/cm2. The above (6) which it is above The manufacture approach of 
one sintered magnet of - (13). 

(1 5) The manufacture approach of one sintered magnet of above-mentioned (1) above-mentioned 
[ which manufactures one sintered magnet of - (5) ] (6) - (14). 

[0011] 

[Function and Effect] It is about 55% of consistency (about 4.2 g/cm3) of the consistency 
(theoretical density: about 7.6 g/cm3) when assuming that the conventional Plastic solid for Nd2 
Fel4B sintered magnets does not have a hole, and about 45% of hole is included. And since 
eburnation is carried out to about 99% of theoretical density by sintering, the rate of a volumetric 
shrinkage will become large. 

[0012] On the other hand, in this invention, contraction is small suppressed by forming a close hole 
by the predetermined ratio in a magnet in the case of sintering. Since the close hole is not open for 
free passage to the magnet exterior, unlike the open pore (open hole) of the conventional partial-loss- 
by-fire join magnet mentioned later, it does not cause magnetic corrosion. Thus, even when 
manufacturing the shape of a ring, and a tabular light-gage anisotropic magnet by suppressing 
contraction in the case of sintering small, processing for correcting a configuration becomes 
unnecessary and low-cost-izing and a productivity drive are realized. Moreover, since anti-chip box 
reinforcement is high, handling becomes easy and the crack between a forming cycle and a sintering 
process and generating of a chip of a high density Plastic solid decrease. 

[0013] In this invention, in order to form the above-mentioned close hole, two alloying methods are 
used. Two alloying methods in R-T-B system sintered magnet manufacture are the approaches of 
mixing and sintering the powder of two sorts of alloys with which presentations differ. In this 
invention, the above-mentioned hardener for the main phases and the above-mentioned hardener for 
grain boundary phases are used in two alloying methods. Particle diameter is large although the thing 
and presentation which use the powder of the hardener for the main phases used by this invention 
with two conventional alloying methods are the same. And in this invention, R rich powder of the 
major diameter which is not in the former so that a close hole may be formed at the time of baking is 
used as hardener powder for grain boundary phases. This hardener powder for grain boundary phases 
has a low-melt point point presentation centering on Nd89Fel 1 (weight ratio). The powder of the 
hardener for grain boundary phases is fused at the time of sintering, to the R2 T14B main phase, 
serves as the wettability very good liquid phase, flows, covers the perimeter of the powder of the 
hardener for the main phases, serves as a magnetic grain boundary phase, and raises coercive force. 
The powder of the hardener for grain boundary phases is a major diameter, and, moreover, it is easy 
to do melting and floating of it. For this reason, after the hardener powder for grain boundary phases 
carries out melting floating, the big close hole which is not buried with a sintering reaction is left 
behind. 

[0014] Although R rich powder which serves as a grain boundary phase after sintering is added also 
with two conventional alloying methods, since the conventional R rich powder is a minor diameter, a 
close hole does not remain in a sintered compact. First of all, R rich powder is added for promoting 
liquid phase sintering and achieving magnetic densification with two conventional alloying methods, 
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while raising coercive force. In two alloying methods which add R rich powder, the proposal of 
lowering a sintered compact consistency and reducing contraction is not made conventionally. 
[001 5] Although an open hole also exists near the front face of the sintered magnet of this invention, 
if a part of sintering process [ at least ] is performed in a vacuum or under a reduced pressure 
ambient atmosphere, in order that the liquid-phase-ized hardener for grain boundary phases may take 
up the free passage way to the exterior of an open hole, the rate of an open hole decreases and 
corrosion resistance improves. 

[0016] What (the consistencies after sintering are 7.1 5 g/cm3 following) is not made to sinter 
thoroughly in this invention, using the Plastic solid of high density (5.5 g/cm3 above) is desirable. 
Thereby, contraction at the time of sintering becomes still smaller. 

[0017] Although the magnetic properties {(BH) max ^about 17 to 25 MGOe} of the sintered magnet 
manufactured by this invention become lower than the conventional R-T-B system high density 
sintered magnet, they become higher than the BONDIDDO magnet {(BH) max =about 1 5 MGOe 
(s)} of a Sm-Co system. A R-T-B system magnet has a cheap raw material compared with a Sm-Co 
system magnet. Therefore, the sintered magnet manufactured by this invention is suitable 
conventionally as a substitute of the Sm-Co system BONDIDDO magnet used for the light-gage 
magnet. 

[0018] In addition, although it is known as are shown below, and how to manufacture a sintered 
compact with a porous low consistency, without making various kinds of proposals which 
manufacture an R2 T14B system sintered magnet with two alloying methods, and sintering a Plastic 
solid thoroughly is shown below, each of these differs from this invention. 

[0019] The manufacture approach of an anisotropy rare earth bond magnet is indicated by JP,5- 
4752 8, A. After mixing a sintering inhibition agent or an evaporation agent to Nd-Fe-B magnet 
powder or oxidizing the front face of magnet powder first by this approach, magnet powder is set in 
a field, and it is 0.2 - 5 t/cm2. It compresses by the pressure and a green compact is made. 
Subsequently, the anisotropy baking object which calcinates a green compact at 500-1 140 degrees C, 
and has an open pore is made, and it heat-treats at 400-1000 degrees C. Subsequently, resin is 
hardened after sinking resin into an open pore. Various sintering inhibition agents are added in the 
tables 1-2 of this official report, the consistency of the baking object (before resin impregnation) 
calcinated and manufactured is indicated at 700-1060 degrees C, and each of these is 6.9 g/cm3. It 
has become the following. 

[0020] A sintering inhibition agent given [ this ] in an official report stops at extent which does not 
fuse an oxide, a fluoride, a chloride, etc. during baking, or is fused in part. R which these sintering 
inhibition agents produce in this official report at the time of baking — since floating of the rich 
liquid phase is barred, even if it performs elevated-temperature baking, a baking object stops 
contracting greatly consequently, burning temperature can be made higher than before, and it is 
supposed that high coercive force will come to be acquired. Evaporation agents given [ this ] in an 
official report are camphor, Lynn, sulfur, tin, etc., and these are evaporated during baking and make 
an open pore remain. An open pore is the continuation pore of the magnitude into which the inlet 
port of a hole is shown in the front face of a baking object, and resin can invade. 
[0021] With the approach of this official report, they are 6.9 g/cm3. Although the following low 
consistency sintered magnets are obtained, it is the object that the approach of this official report 
forms an open pore unlike this invention. Before the closed pore is formed in this official report, it 
has the publication of the purport which stops baking, and the publication of such a good purport that 
the volume of the open pore to the total hole volume is comparatively (effective porosity) high, and 
the technical thought of this invention of making the ratio of a close hole high is not seen. Since a 
sintered magnet given [ this ] in an official report makes an open pore a subject, resin impregnation 
is indispensable because of corrosion-resistant reservation, and since it is necessary to make resin 
reach into the open pore moreover prolonged to the magnetic depth section, productivity will 
become remarkably low. For example, in the example of this official report, after performing resin 
impregnation for 2 hours after carrying out vacuum suction, pressurizing further and performing 
impregnation of 2 hours, hardening processing of resin has taken 2 hours. 
[0022] In order to form a close hole in this invention, since R rich powder of a predetermined 
presentation is added, coercive force also improves, but by the approach of this official report, since 
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the open pore is formed using the above sintering inhibition agents or an evaporation agent, 
distribution of R in the inside of a magnet becomes poor, and coercive force serves as imperfection. 
On the other hand, if the magnetic amount of R is made to increase for the improvement in coercive 
force, a residual magnetic flux density will become imperfection. There is no publication about the 
dimension of a sintering inhibition agent in this official report. In addition, this official report has the 
publication of the purport which may add Tb and the metal powder of Dy in the range in which 
contraction of a baking object does not become not much large for the improvement in coercive 
force. However, the effectiveness as the hardener powder for grain boundary phases with the low 
melting point which the melting point of 1357 degrees C and Metal Dy is 1407 degrees C, and uses it 
by this invention that the melting point of Metal Tb is the same is not acquired. And the particle 
diameter range of the metal Tb metallurgy group Dy is not indicated by this official report, but there 
is also no example which added these. 

[0023] moreover, the mean particle diameter with a Nd-Fe-B alloy desirable in this official report — 
2-20 micrometers it is — ** — it indicates — having — **** -- an example — 3.5 micrometers 
Impalpable powder is used. The pressure applied in the case of powder compacting although the 
consistency of the green compact before baking is not indicated by this official report is 0.2 - 5 
t/cm2. It is low voltage and it is thought that the high density Plastic solid is not acquired. Also at 
these points, an approach given [ this ] in an official report differs from this invention. 
[0024] Although the approach of sintering the mixture (mean particle diameter of 3-7 micrometers) 
of the end of a Nd-Fe-B alloy powder and the end of a Nd-Co alloy powder is indicated by JP,60- 
230959,A, at the example of this official report, it is consistency 7.4 g/cm3. The precise sintered 
magnet is produced and it completely differs from this invention which forms a close hole. 
[0025] the approach of sintering the mixture of the end of a R-T-B system alloy powder and the end 
of a R-X (X — Fe or Fe, and one or more sorts of B, aluminum, Ti, V, Co, Zr, Nb, and Mo of 
mixture) alloy powder is indicated by JP, 63-93 841 ,A. It is manufactured by quenching melt and is 
****** as sintering acid this end of a R-X alloy powder. At the example of this official report, it is 1 
t/cm2. It fabricates, sinters at 1000-1200 degrees C, and is consistency 7.43 g/cm3. The precise 
sintered magnet is manufactured. In this official report, it sets at an example, and is 1-500 
micrometers. The sintered magnet obtained in the example although there was a publication of the 
purport using the end of a R-X alloy powder is consistency 7.43 g/cm3. It is precise. The technical 
thought of suppressing the contraction at the time of sintering by daring form a hole in this official 
report is not seen. 

[0026] In the approach of manufacturing an R2 T14B system magnet alloy with powder-metallurgy 
processing, sintering the powder-molding object which does 0-70 volume % content of the end of an 
alloy powder it is obtained from the end of a liquid quenching alloy powder or thin band (amorphous 
and microcrystal) which has the presentation Pr, Tb, and whose Dy value are 32 - 1 00 % of the 
weight is indicated by JP,63-278208,A. R rich powder used in the example of this official report 
although this approach is two alloying methods which use R rich powder is the mean particle 
diameter of 3-5 micrometers. Since it is impalpable powder, a close hole is not formed at the time of 
sintering. 

[0027] The approach of mixing and sintering A alloy which consists of R2 T14 B phase, and B alloy 
which contains R, CoFe, and B and has R rich phase is indicated by JP,5-21219,A. the example of 
this official report — both alloys — mean particle diameter of about 5 micrometers up to — the 
sintered compact which is pulverized and was obtained — all — consistency 7.42 g/cm3 More than is 
precise and it completely differs from this invention. 

[0028] The manufacture approach of a compound-die magnet ingredient of having the mixed process 
which mixes the matrix material powder containing a low-melt point point element (at least one sort 
of aluminum, Zn, Sn, Cu, Pb, S, In, Ga, germanium, and Te) or a high-melting element and R2 T14B 
system magnetism powder in JP,63-1 14939,A, and forms mixed powder in it, and a magnet 
chemically-modified [ which fabricates and magnet-izes said mixed powder ] degree is indicated. 
And the process which fabricates and sinters mixed powder as a magnet chemically-modified [ said ] 
degree, or the heat application-of-pressure process which gives application of pressure between heat 
to mixed powder, and generates a Plastic solid is mentioned. In addition, before the application of 
pressure between heat, preforming is performed preferably, temperature with it — it is — heat 
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application-of-pressure temperature — 300-1 100 degrees C and a heat application-of-pressure 
pressure — 5 - 5000 kgf/cm2 it is . [ sintering temperature higher than the melting point of a matrix 
material, and ] [ lower than 1150 degrees C ] In this official report, it is making to raise the 
dimension yield into the technical problem, and this official report has description of the purport 
which can raise the dimension yield of a product by the hot-forming method. However, at the 
example of this official report, all the consistencies after sintering or the application of pressure 
between heat are 7.1 g/cm3. It is the above and there is no disclosure of the consistency of the Plastic 
solid before sintering or the application of pressure between heat. The mean particle diameter of the 
R2 T14B system magnetism powder in the example of this official report is 3-4 micrometers. The 
particle size of the matrix material powder which is a minor diameter and contains a low-melt point 
point element is 20-30 micrometers at the maximum. It is a minor diameter. In this official report, it 
is the mean particle diameter of 1 00 micrometers. Although there is an example of a comparison 
which used aluminum for the matrix material and performed pressing between heat, it is consistency 
7.5 g/cm3 in this case. The precise magnet is obtained. Each of pressures at the time of shaping in 
the example of this official report and pressures at the time of preforming is 1 .5 t/cm2. It is as small 
as the following. 

[0029] After carrying out press forming of the magnet powder in the approach of manufacturing a 
RFeB system magnet with powder-metallurgy processing, it considers as a porous sintered compact 
in a 400-900-degree C temperature requirement, and the approach of carrying out fixed time amount 
immersion of it at the melting alloy Ndx Fe 1-x (x=0.65-0.85) is indicated by JP,3-80508,A. This 
approach aims at suppressing the deformation after sintering resulting from the anisotropy of the heat 
shrink by magnetic field orientation. However, this approach is not two alloying methods. Moreover, 
the Nd2 Fel4B magnet powder used in the example of this official report is about 10 micrometers. It 
is a minor diameter and compacting pressure, the consistency of a Plastic solid, and the consistency 
of a sintered compact porous [ after low temperature sintering ] are not indicated by this official 
report. 

[0030] In case the 2-17 system magnet of Sm2 Co 17 or Pr2 Co 17 grade is manufactured, the 
approach of sinking in a Plastic solid after a temporary-quenching join at 400-900 degrees C, and 
sinking in liquefied plastics is indicated by JP,55-15224,A. This approach aims at the improvement 
in on the strength of a magnet. In the example of this official report, it is 5-30 micrometers. It is 
indicated that contraction when carrying out full sintering at that contraction when fabricating a 
particle and sintering at 800 degrees C was 7% and 1 1 50 degrees C was about 12-1 5%. and the 
consistency after being immersed in an epoxy resin and solidifying a temporary sintered compact — 
6.80 g/cm3 it was — things are indicated. However, this approach differs not in two alloying methods 
but in a magnet presentation from this invention. With this official report, it is 5-30 micrometers. 
The minor diameter particle is used and the consistency of the Plastic solid in front of a temporary- 
quenching join is not indicated by this official report. 

[0031] It is 200 micrometers about the ingot which carried out solution treatment of the Nd-Fe-B 
system alloy ingot to JP,62-281307,A in the 1000-1 150-degree C temperature requirement, and 
carried out solution treatment to it. It grinds to the following particle size and the approach of 
annealing the pulverized Plastic solid in the end of an alloy powder in a 500-1 050-degree C 
temperature requirement and the approach of making carry out impregnation of the plastics to the 
Plastic solid which annealed, and solidifying are indicated. In this approach, it anneals for removing 
a crushing strain and raising coercive force at 500-1050 degrees C. In the example of this official 
report, it is annealing, after fabricating the alloy-powder end of a minor diameter (mean particle 
diameter of 5 micrometers) by the low voltage force (2 t/cm2). The consistency of a Plastic solid and 
the consistency of a sintered compact are not indicated by this official report. 

[0032] After grinding the alloy which makes a fundamental component rare earth elements, iron, and 
boron and fabricating it among a magnetic field, it sinters in JP,4-314307,A and the method of 
manufacturing the bulk object for bond magnets is indicated. By this approach, the bulk object of 
partial-loss-by-fire joint gold with 60 - 95% of consistency of theoretical density is manufactured by 
sintering at the temperature of 700-1000 degrees C for 3 or less hours. Partial-loss-by-fire joint gold 
is an organization which includes a hole considerably, and since a hole serves as a nucleus of crack 
development, and a nucleus of further destruction, it can be easily ground with small stress. 
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Therefore, the mechanical distorted effect of [ at the time of crushing ] decreases. At the example of 
this official report, it is 3 micrometers of mean diameters. After fabricating pulverized coal, a partial- 
loss-by- fire join is carried out, and the bulk object is manufactured. The consistency of a Plastic solid 
and contraction at the time of a partial-loss-by-fire join are not indicated by this example. Invention 
given [ this ] in an official report differs from this invention not using two alloying methods in that 
pulverize the bulk object of partial-loss-by-fire joint gold, and a bond magnet is manufactured. The 
consistencies of the bulk object of the partial-loss-by-fire joint gold in the example of this official 
report are 5.6 g/cm3. It is the following and comparable as the Plastic solid consistency in this 
invention. Therefore, since past [ the high one ], magnetic properties, and reinforcement run short of 
void contents, the bulk object of partial-loss-by-fire joint gold given [ this ] in an official report 
cannot be used as a bulk magnet. That is, grinding and the formation of a bond magnet are 
indispensable. For this reason, coercive force will deteriorate and a manufacturing cost will become 
high. 

[0033] Moreover, after fabricating the bulk object of partial-loss-by-fire joint gold given in JP,4- 
3 14307,A among a magnetic field, the method of carrying out impregnation of the resin to a Plastic 
solid, and manufacturing a bond magnet is indicated by JP,4-31431 5,A. Shaping in this approach 
among a magnetic field serves both as grinding and shaping of a bulk object of partial-loss-by-fire 
joint gold. The anti-chip box reinforcement of the sintered compact of the former [ official report / 
this ] is 2.5 t/cm2. The anti-chip box reinforcement of the bulk object of partial-loss-by-fire joint 
gold is 1 t/cm2 to being above. It is dramatically as small as the following and the purport that 
grinding is easy is indicated. At the example of this official report, it is 3 micrometers of mean 
diameters like JP,4-314307,A. The partial-loss-by-fire join of the pulverized coal is fabricated and 
carried out, and it is consistency 5.2 g/cm3. The following bulk objects are manufactured, and it 
presses further, and carries out resin sinking in, and they are a consistency 5.9 - 6.0 g/cm3. The bond 
magnet is manufactured. Since the consistency is still lower, the bulk object of partial -loss-by-fire 
joint gold given [ this ] in an official report is more nearly impossible for using it as a bulk magnet, 
without performing compression molding and resin impregnation than partial-loss-by-fire joint gold 
given in JP,4-314307,A. For this reason, coercive force will deteriorate and a manufacturing cost 
will become high. 

[0034] At conventional partial-loss-by-fire joint gold which was described above, it is 30 
micrometers with the 2-17 system magnet of Sm2 Co 17 grade. Although there is an example for 
which the powder which consists of a particle is used, with an R2 T14B system magnet, it is the 
mean particle diameter of 3 micrometers. The partial-loss-by-fire join of the Plastic solid of the 
magnet powder which consists of a minor diameter particle of order is carried out. Although it is 
necessary to heat-treat at temperature lower than the time of performing full sintering when carrying 
out the partial-loss-by-fire join of the Plastic solid which consists of such a minor diameter particle, 
in a low temperature field, a sintered compact consistency will change a lot corresponding to change 
of retention temperature. That is, in order to manufacture the half-sintered compact of a 
predetermined consistency, strict temperature management will be needed and a manufacturing cost 
will rise. 

[0035] On the other hand, in this invention, it differs from the approach conventional at the point of 
using first two alloying methods which use R rich powder of a major diameter. Moreover, it differs 
in that the thing of a major diameter is used for the powder used as the magnetic main phase. In the 
Plastic solid containing the powder for the main phases of a major diameter, since the particle 
migration through rare-earth-elements Rich's liquid phase is difficult, even if the retention 
temperature in a sintering process is an elevated temperature (for example, the conventional full 
sintering temperature field), a sintering reaction will not advance, before carrying out full sintering. 
For this reason, the sintered compact of a predetermined low consistency will be stabilized, and will 
be obtained in a large temperature requirement, and management of a sintering process becomes 
very easy. Moreover, since it is hard to condense the particle of a major diameter, handling becomes 
easy, especially it becomes easy at the time of shaping to fill it up to metal mold. 
[0036] 

[Elements of the Invention] Hereafter, the concrete configuration of this invention is explained to a 
detail. 
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[0037] The sintered magnet of <sintered magnet> this invention contains R (R is at least one sort of 
the rare earth elements containing Y), T (T is Fe, or Fe and Co), and B. 

[0038] Although especially a magnet presentation is not limited, B is contained for R 0.5 to 3.5% of 
the weight 30 to 45% of the weight, and it is usually desirable that the remainder is T substantially. 
[0039] It is Y, a lanthanide, and actinide, as R, among Nd, Pr, and Tb, at least one sort, especially Nd 
of R are desirable, and it is desirable that Dy is included further. Moreover, one or more sorts in La, 
Ce, Gd, Er, Ho, Eu, Pm, Tm, Yb, and Y may also be included. Mixture, such as a misch metal, can 
also be used as a raw material of rare earth elements. The phase which is rich in iron when there are 
too few R contents deposits, high coercive force is no longer acquired, and if there are too many R 
contents, a high residual magnetic flux density will no longer be obtained. 

[0040] If there are too few B contents, high coercive force will no longer be acquired, and if there 
are too many B contents, a high residual magnetic flux density will no longer be obtained. 
[0041] In addition, as for the amount of Co(es) in T, it is desirable to consider as 30 or less % of the 
weight. 

[0042] In order to improve coercive force, elements, such as aluminum, Cr, Mn, Mg, Si, Cu, C, Nb, 
Sn, W, V, Zr, Ti, and Mo, may be added, but if an addition exceeds 6 % of the weight, lowering of a 
residual magnetic flux density will pose a problem. 

[0043] In the magnet, carbon and oxygen may contain as others, an unescapable impurity, or a 
minute amount additive. [ elements / these ] 

[0044] The sintered magnet of this invention has the main phase of the crystal structure of tetragonal 
system substantially, and R rich phase with high R ratio exists in a grain boundary rather than R2 
T14B. The magnetic diameter of average crystal grain becomes a thing according to the diameter of 
crystal grain and sintering conditions of the hardener for the main phases which are mentioned later. 
[0045] The sintered magnet of this invention includes a close hole. A close hole is a hole which is 
not open for free passage on a magnet front face. A close hole is three to 15 magnetic volume %, and 
is three to 12 volume % preferably. The magnet which has too few close holes is greatly contracted 
at the time of sintering, and dimensional accuracy with a good Plastic solid is not maintained. The 
magnet which has too many close holes becomes inadequate [ a magnet property ], and also runs 
short of reinforcement. The sum total floor area ratio of the close hole in a magnet and the sum total 
floor area ratio of an open hole mentioned later are computable as follows. 

[0046] Open hole sum total floor area ratio K type I K=(WW-W)/V close hole sum total floor area 
ratio H type II H-l-K-W/(V-rho) 

However, volume, W for which it asked from Visample configuration in each above-mentioned 
formula: Sample weight, WW : Sample weight after being immersed underwater, decompressing a 
sample to 100 or less Torrs, holding it for 30 seconds and wiping off the water on ejection and the 
front face of a sample, rho: It is magnetic theoretical density. 

[0047] although especially the configuration and dimension of a close hole are not limited — the 
average projection cross section per close hole — 1000-30000 micrometers 2 it is — things are 
desirable. Even when a small close hole is formed in early stages of sintering, in order to disappear 
by sintering termination, generally the average projection cross section of a close hole is 1000 
micrometers. 2 It is hard to become the following. That is, the average projection cross section is 
1 000 micrometers. 2 If it is going to form the close hole of the following, sintering will progress too 
much, without forming a close hole, the sum total volume of a close hole will become small, and 
contraction will not become small. Moreover, since the crystal grain with which the magnetic 
consistency of the crystal grain contiguous to a close hole is the same although coercive force 
becomes small, and it adjoins a close hole when the average volume per close hole is small increases 
in number, high coercive force is hard to be acquired. On the other hand, if the average projection 
cross section is too large, magnetic reinforcement will serve as imperfection. Moreover, the average 
projection cross section is 30000 micrometers. 2 Since it is necessary to spend the hardener for grain 
boundary phases huge in order to form the close hole which exceeds, with a light-gage magnet, 
shaping becomes difficult and magnetic surface magnetic flux tends to become uneven. The cross 
section of a close hole can be measured using the scanning electron microscope photograph of a 
magnet cross section. A photograph is taken after grinding a cutting plane after cutting a magnet on 
the occasion of measurement, and forming the golden spatter film in a cutting plane further. And the 
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cross section is measured about 100 or more close holes of arbitration per magnet, and the average is 
calculated, and let this be the average projection cross section per close hole. 

[0048] The consistency of the sintered magnet of this invention is 7.15 g/cm3. It is desirable that it is 
the following. 200 micrometers If it fabricates with high voltage using the particle of the major 
diameter of extent, it will be the consistency of a Plastic solid 6.4 g/cm3 Even if it calcinates at an 
elevated temperature with such a Plastic solid in the case of baking since particle migration is 
difficult although it can be made high with extent, they are 7.1 5 g/cm3. It is difficult to consider as 
the consistency which exceeds. On the contrary, when it considers as the Plastic solid of a low 
consistency using the particle of a minor diameter, they are 7.1 5 g/cm3. If it calcinates until it 
becomes the consistency which exceeds, sintering will progress too much and contraction will 
become large. Even if the consistency of a sintered magnet is this range, when there are many open 
holes which are open for free passage on a magnet front face, since magnetic corrosion resistance 
falls extremely, it is not desirable. As for the ratio of an open hole, it is desirable that it is below 2 
volume %. It can ask for the ratio of an open hole by the approach mentioned above. 
[0049] As for the sintered magnet of this invention, manufacturing by the approach shown below is 
desirable. By this approach, in a forming cycle, the Plastic solid of the mixture of the powder of the 
hardener for the main phases and the powder of the hardener for grain boundary phases is 
manufactured, and said Plastic solid is sintered in a sintering process. 

[0050] Although what is necessary is just to determine suitably the presentation of the hardener for 
the <hardener for main phases> main phases in consideration of a presentation and its mixed ratio of 
the hardener for grain boundary phases according to the magnet presentation made into the object, B 
is contained for R 0.5 to 3.5% of the weight 26 to 35% of the weight, and it is usually desirable that 
the remainder is T substantially. 

[005 1 ] although a sintering reaction advances by R rich phase's turning into the liquid phase, and 
flowing with an R2 T14B system magnet — this invention — R — since it is necessary to suppress 
progress of a sintering reaction in order to add the rich hardener powder for grain boundary phases 
and to suppress contraction, as for R content of the hardener for the main phases, lessening is 
desirable. 

[0052] The hardener for the main phases has the main phase mentioned above and R rich phase 
mentioned above. Especially the diameter of average crystal grain of the powder of the hardener for 
the main phases is not limited. Since it is desirable that it is the diameter of crystal grain which 
serves as a single crystal particle when it considers as the particle diameter mentioned later since it 
anisotropy-izes by magnetic field orientation, but crystal grain should just be carrying out orientation 
within the particle in this invention even if it is a polycrystal particle, the diameter of average crystal 
grain is 3-600 micrometers. It can choose from the range where extent is large. 
[0053] The mean particle diameter of the powder of the hardener for the main phases is 20 
micrometers preferably. It is 50-350 micrometers more preferably above. It carries out. If mean 
particle diameter is too small, the effectiveness by the formation of a particle major diameter 
mentioned above will serve as imperfection. On the other hand, if mean particle diameter is too 
large, in the Plastic solid of thin meat, magnetic field orientation will become difficult. In addition, 
the mean particle diameter of the hardener powder for the main phases computes the average 
projected area per particle, and makes it the diameter when converting this into a circle. Especially 
the measuring method of the projected area of a particle is not limited. For example, powdered 
dispersion liquid can be applied on a glass plate so that particles may not lap, a photograph can be 
taken, and it can ask for the projected area of a particle from this photograph. In addition, it can also 
ask for the projected area of a particle by scanning said spreading object by the light beam, and 
detecting reflection factor change. 

[0054] Especially the manufacture approach of the powder of the hardener for the main phases may 
not be limited, but may use any, such as the approach of carrying out disintegration of the casting 
alloy by hydrogen absorption grinding etc., and a reduction diffusion method, and may grind and 
carry out disintegration of the sintered magnet. If the sintered magnet anisotropy-ized by magnetic 
field orientation is ground, since the polycrystal particle of a major diameter which consists of 
crystal grain of the minor diameter by which orientation was carried out can be obtained, the magnet 
of a high residual magnetic flux density and high coercive force is obtained. 
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[0055] The remainders of the hardener for <hardener for grain boundary phases> grain boundary 
phases are Fe and/or Co substantially 75 to 92% of the weight preferably, including R 70 to 97% of 
the weight. As R contained in the hardener for grain boundary phases, Nd is desirable, it is more 
desirable that Nd occupies 50% or more in R, and it is still more desirable to use only Nd 
substantially as R. If there are few amounts of Nd(s) in R and there are few amounts of R, the 
melting point of the hardener for grain boundary phases will not become low, but a close hole will 
become is hard to be formed. Although 640 degrees C and Nd81 Col 9 (weight ratio) eutectic alloy of 
the melting point of Nd89Fel 1 (weight ratio) eutectic alloy are 566 degrees C, the melting point of 
Dy88Fel 2 (weight ratio) eutectic alloy is 890 degrees C. The hardener for grain boundary phases 
used by this invention does not contain B. B in the hardener for grain boundary phases does not 
contribute to improvement in a magnet property, and does not contribute to lowering of the melting 
point of the hardener for grain boundary phases, either. 

[0056] For the powder of the hardener for grain boundary phases used by this invention, an aperture 
is 38 micrometers. An aperture is 53 micrometers preferably above. It remains to the above sieve and 
an aperture is 500 micrometers. An aperture is 250 micrometers preferably hereafter. The following 
sieves are passed. If the particle diameter of the powder of the hardener for grain boundary phases is 
small, the magnet which has a predetermined close hole will no longer be obtained, and also the 
powder of the hardener for grain boundary phases becomes being easy to oxidize. If the particle 
diameter of the hardener for grain boundary phases becomes large too much, a hole will become 
large too much and surface magnetic flux will tend to become uneven. Moreover, if the dimension of 
the hole which remains in a magnet becomes large too much to a magnet dimension, sufficient 
magnet reinforcement will no longer be obtained. 

[0057] Although especially the manufacture approach of the hardener for grain boundary phases is 
not limited, a melt quenching method is used preferably. The approach of contacting an alloy molten 
metal to a cooling base, and cooling as a melt quenching method, for example, the single rolling 
method, the congruence rolling method, and revolution disc method ****** are desirable, and may 
use the gas atomizing method. Cooling of an alloy molten metal is performed in non-oxidizing 
atmospheres, such as nitrogen and Ar, or a vacuum. When a cooling rate is slow, phase separation of 
the hardener for grain boundary phases of the above-mentioned presentation will be carried out 
mainly to Nd and Fe2 Nd. These melting points are as high as 1000 degrees C or more, and in order 
that Nd may tend [ very ] to oxidize, close hole formation becomes difficult. The hardener for grain 
boundary phases manufactured by the melt quenching method has an amorphous phase or a 
microcrystal phase. 

[0058] Especially the manufacture approach of the mixture of the powder of the hardener for the 
<grinding process and mixed process> main phases and the powder of the hardener for grain 
boundary phases is not limited. For example, after grinding simultaneously, manufacturing mixture, 
after mixing both hardeners, and grinding each hardener, both hardeners may be mixed and mixture 
may be manufactured by pulverizing further if needed. 

[0059] The ratio of the hardener for grain boundary phases in mixture is more preferably made into 3 
- 12 % of the weight two to 20% of the weight. If this ratio is too low, it will become difficult to 
form close hole sufficient in a magnet, and if this ratio is too high, it will become difficult to obtain 
the magnet of a high property. 

[0060] Especially the grinding approach of each hardener is not limited, but may grind combining 
these that what is necessary is just to choose suitably the mechanical grinding method, the hydrogen 
absorption grinding method, etc. However, since the sharp magnet powder of particle size 
distribution is obtained, it is desirable to perform hydrogen absorption grinding. It is desirable to use 
air-current type grinders, such as a jet mill, for it, since sharp particle size distribution are acquired 
by mechanical grinding. 

[0061 ] The mixture of the powder of both hardeners is fabricated in a <forming cycle> forming 
cycle all over a magnetic field. At this time, the consistency of a Plastic solid is desirable and they 
are 5.5 g/crn3. They are 6.0 g/cm3 more preferably above. It fabricates so that it may become the 
above. In a Plastic solid with a small consistency, if it is going to acquire sufficient magnet property, 
contraction at the time of sintering will become large, and if contraction at the time of sintering is 
made small, a magnet property will become imperfection. Although there is especially no upper limit 
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of the consistency of a Plastic solid, it is difficult to consider as the consistency exceeding 6.4 g/cm3. 
For example, they are 20 t/cm2 at the time of shaping. Since the above extra-high voltage is needed, 
a shaping equipment metallurgy mold will become expensive, and the configuration of a Plastic solid 
will be restricted to a simple thing. Although utilization of a lot of organic lubricant is also effective 
in order to raise a Plastic solid consistency, it is difficult before sintering to remove organic 
lubricant, and the carbon residue in a magnet will reduce a magnet property. In addition, the 
consistency of a Plastic solid is computable from the dimension of the Plastic solid measured by a 
micrometer etc. 

[0062] Thus, for the Plastic solid of a high consistency, anti-chip box reinforcement is 2 0.3 kgf 
(s)/mm. In a pan, they are 0.5 kgf/cm2 above. Since it becomes the above, handling becomes easy 
and generating of a crack or a chip decreases. 

[0063] Especially compacting pressure is 8 t/cm2 preferably, although what is necessary is just to 
determine suitably that it is not limited but the Plastic solid of a desired consistency is acquired. It is 
2 12t/cm more preferably above. It considers as the above. Magnetic field intensity at the time of 
shaping is usually preferably carried out to more than 1 5 kOe more than 1 0 kOe. 
[0064] The field impressed at the time of shaping may be a direct- current field, or may be a pulsed 
magnetic field, and may use these together. The pressure impression direction and the field 
impression direction can apply this invention also to the so-called, vertical magnetic field fabricating 
method mostly in agreement also at the so-called horizontal magnetic field fabricating method the 
pressure impression direction and the field impression direction intersect perpendicularly mostly. 
[0065] <Sintering process> The Plastic solid acquired as mentioned above is sintered and magnet- 
ized. 

[0066] The values (consistency variation at the time of sintering) which subtracted the consistency of 
a Plastic solid from the consistency of a sintered compact in this invention are 0.2 g/cm3. Sintering 
so that it may become the above is desirable. When consistency change at a sintering process is too 
small, sintering is inadequate and a magnet property and a mechanical strength serve as 
imperfection. In order to make contraction small, it is consistency variation more preferably three or 
less 1.5 g/cm 1.2 g/cm3 It considers as the following. 

[0067] What is necessary is just to choose suitably so that there may be especially no limit in the 
various conditions at the time of sintering and the consistency change at the time of sintering etc. 
may serve as a desired value. Although the retention temperature at the time of sintering should just 
be more than the melting temperature of the hardener for grain boundary phases, as mentioned 
above, since it forms a low consistency magnet by using the hardener powder for grain boundary 
phases of a major diameter, it can make retention temperature higher than the case of the so-called 
conventional parti al-loss-by-fire join by this invention. At 900-1 100 degrees C, heat treatment is 
performed for 0.5 to 10 hours, it sinters, and, specifically, quenching is desirable after that. In 
addition, it is desirable that they are inert gas ambient atmospheres, such as inside of a vacuum or Ar 
gas, and a sintered atmosphere is the point that the ratio of an open hole can be reduced, as 
mentioned above, and sintering in the inside of a vacuum or the decompressed inert gas ambient 
atmosphere is more desirable [ a sintered atmosphere ]. In addition, it is good also as a configuration 
which makes a part of sintering process a vacuum or a reduced pressure ambient atmosphere. 
[0068] Aging treatment is performed after <other> sintering if needed for the improvement in 
coercive force. 

[0069] In order to raise magnetic corrosion resistance, it is desirable to take up an open hole. What is 
necessary is just to perform processing to dry, after for that a magnet is immersed into the solution 
which dissolved resin in the organic solvent. In addition, the usual corrosion-protective covering 
may be prepared with electropainting, nonelectrolytic plating, etc. of resin after such processing. 
[0070] This invention is suitable for manufacture of the shape of a ring of thin meat, or a tabular 
magnet which is mentioned later, and this invention is suitable for manufacture of the light-gage 
magnet especially whose thickness is 3mm or less. In addition, when magnet thickness is set to less 
than 0.5mm, there is ah inclination for shaping to become difficult. 

[0071] In <dimension deflection> this invention, since the very small sintered magnet of dimension 
deflection is obtained, it can produce commercially after sintering, without carrying out 
configuration processing by grinding etc. 
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[0072] That is, according to this invention, it has a parallel part and thickness deflection of a parallel 
part can be made into 1 .5% or less in the light-gage sintered magnet whose value which **(ed) 
length between couplings of a parallel part by the average thickness is ten or more, considering as 
1% or less is also easy, and it is possible to store thickness deflection in such range also about the 
light-gage magnet whose length between couplings / average thickness are 15 or more. A parallel 
part is the block inserted by the 2nd parallel page which counters, and the magnet which has a 
parallel part is a tabular magnet [ for example, ], disc-like magnet, and ring-like magnet. The 
thickness deflection of a parallel part is the value which **(ed) the difference of the maximum of the 
thickness of a parallel part, and the minimum value with the length between couplings of a parallel 
part. The thickness deflection of a parallel part is a value used as the index of the curvature of a 
parallel part, or the heterogeneity of thickness, and since the unevenness of curvature or thickness 
becomes large in the case of the above light-gage sintered magnets of a proportion, generally 
thickness deflection is 2.5% or more conventionally. 

[0073] Moreover, according to this invention, it has a body and the outer-diameter deflection and/or 
bore deflection of a body can be made into 1 .5% or less in the light-gage magnet whose value which 
**(ed) the average outer diameter of a body by the average wall thickness is ten or more, considering 
as 1% or less is also easy, and it is possible to store outer-diameter deflection and/or bore deflection 
in such range also about the light-gage magnet whose average outer diameter / average wall 
thickness are 1 5 or more. Although a body is a cylindrical block which has a peripheral face or has a 
peripheral face and inner skin and the magnets which have a body are for example, a ring-like 
magnet and a disc-like magnet, the outer-diameter deflection and bore deflection in this case are 
aimed at the body which has a peripheral face and inner skin. The outer-diameter deflection of a 
body is the value which **(ed) the difference of the maximum of the outer diameter of a body, and 
the minimum value with the average outer diameter, and bore deflection is the value which **(ed) 
the difference of the maximum of the bore of a body, and the minimum value with the average bore. 
The outer-diameter deflection and bore deflection of a body are a value used as the curvature of a 
body, or the index of distorted and thick heterogeneity, and since curvature and distorted and thick 
unevenness become large in the case of the above light-gage sintered magnets of a proportion, 
generally outer-diameter deflection and bore deflection are 3% or more conventionally. 
[0074] In addition, it is also easy for a disc-like magnet etc. to be able to have the body which has 
only a peripheral face, to be able to make outer-diameter deflection of a body into 1 .5% or less also 
in the light-gage sintered magnet whose average outer diameter / average thickness are 10 or more 
and further 1 5 or more, and to consider as 1% or less. 

[0075] In this description, the thickness deflection of a parallel part is measured as follows. First, 
while constitutes the parallel part, and a device under test is laid on a surface plate so that a field may 
touch a surface plate. And the height from the surface plate front face of the field of another side 
which constitutes a parallel part is measured by 20 places. Next, a device under test is turned over, it 
lays on a surface plate, and height is similarly measured by 20 places so that the field of said another 
side may touch a surface plate front face, a measuring point — the field of the measuring object — 
almost — equal — 20 — dividing — the inside of each field — it considers as a central point mostly. 
From all the obtained measured value, the difference (Tmax-Tmin) of maximum (Tmax) and the 
minimum value (Tmin) is calculated. Let the value {(Tmax-Tmin) /L} which **(ed) this difference 
at the maximum L of the die length (longitudinal direction die length) of each field which constitutes 
said parallel part be thickness deflection. The thickness deflection of the light-gage magnet which 
has 2 or more sets of parallel fields mutually serves as a big value, when both principal planes are 
made into one [ said ] field and the field of said another side. In addition, what is necessary is just to 
use for the average thickness in explanation of a light-gage magnet the average of all the measured 
value obtained as mentioned above. 

[0076] It asks for the outer-diameter deflection and bore deflection of a body as follows. First, the 
shaft orientations of a body are followed, the outer diameter or bore of a body is measured, and 
maximum and the minimum value are calculated. At this time, the measured value of the range of 
0.1mm of the shaft-orientations both ends of a body is excepted. Next, same measurement is 
performed after rotating 1 5 degrees of said bodies centering on the shaft. Thus, measurement is 
repeated a total of 12 times over 1 80 degrees of hoop directions at intervals of 15 degrees. It is 
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phimin about the minimum thing among phimax and the minimum value of 1 2 in the greatest thing 
among the maximums of 12. It carries out and is phimax -phimin. It asks. Next, the average phi 0 of 
the average of the maximum of 12, and an average of the minimum value of 12 It asks and is phi 0. It 
considers as an average outer diameter or an average bore. And let {(phimax-phimin) /phiO} be 
outer-diameter deflection or bore deflection. In addition, in the average outer diameter in explanation 
of the proportion of a light-gage magnet, and an average bore, it is the above phi 0. What is 
necessary is just to use a (average outer-diameter-average bore) / 2 for average wall thickness that 
what is necessary is just to use. 

[0077] In addition, a non-contact-type measuring instrument, such as optical, may be used for 
measurement of dimension deflection, and the measuring instrument of contact processes, such as a 
contact process three-dimension measuring instrument, and a micrometer, an inner circumference 
micrometer, may be used for it. 
[0078] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is further 
explained to a detail. 

[0079] The sintered magnet sample shown in the <example 1> table 1 was produced by the approach 
shown below. 

[0080] First, the ingot of the hardener for the main phases was manufactured by casting. The 
presentation of an ingot is shown in a table 1 . In addition, the remainder of a presentation is Fe. the 
diameter of average crystal grain of these alloy ingots — 300 micrometers it was . After carrying out 
coarse grinding of each alloy ingot using expansion and contraction of the volume by hydrogen 
absorption and the degasifying reaction, the disc mill ground and it considered as the powder of the 
mean particle diameter shown in a table 1 . In addition, it asked for powdered mean particle diameter 
by the approach mentioned above from the optical microscope photograph of a powdered paint film. 
[0081] Next, the alloy molten metal was cooled by the single rolling method in Ar ambient 
atmosphere, and the hardener for grain boundary phases of the presentation shown in a table 1 was 
manufactured. In addition, the remainder of the presentation shown in a table 1 is Fe. Cu roll was 
used for the cooling roller. The hardener for grain boundary phases is thin band-like [ with a 
thickness of 0.15mm ], and it was checked as a result of the X diffraction that it is in an amorphous 
condition. The pin mill ground each hardener for grain boundary phases, and the end of an alloy 
powder it was obtained was classified by the sieve. The sieve used for the classification of each 
powder is shown in a table 1 . In addition, the sieve with the large aperture which regulates the upper 
limit of particle diameter is shown in a table 1 as a passage sieve by making into a residual sieve a 
sieve with the small aperture which regulates the minimum of particle diameter. 
[0082] Subsequently, the hardener powder for the main phases and the hardener powder for grain 
boundary phases were mixed. The addition (ratio of the hardener powder for grain boundary phases 
in mixture) of the hardener powder for grain boundary phases is shown in a table 1 . 
[0083] Each mixture was fabricated among the magnetic field and the disc-like Plastic solid with a 
diameter [ of 20mm ] and a thickness of 1 .5mm was acquired. Magnetic field strength was set to 1 2 
kOe, and the field was impressed so that an easy axis might serve as the thickness direction of a 
Plastic solid. Compacting pressure and a Plastic solid consistency are shown in a table 1 . 
[0084] Subsequently, it quenched, after sintering each Plastic solid in a vacuum. The time amount 
held to the heat treatment temperature at the time of sintering and its temperature is shown in a table 
1 . Aging treatment was performed at 650 degrees C after sintering and into Ar ambient atmosphere 
for 1 hour, and it considered as the disc-like sintered magnet sample. The consistency of each 
sintered magnet sample, the consistency variation at the time of sintering, a residual magnetic flux 
density (Br), and coercive force (Hcj) are shown in a table 1 . In addition, the sample for magnetic- 
properties measurement which sintered and produced the Plastic solid with a diameter [ of 15mm ] 
and a thickness of 1 0mm was used for measurement of Br and Hcj. The manufacture conditions of 
the sample for magnetic-properties measurement presupposed that it is the same as that of each 
sample shown in a table 1 respectively except the Plastic solid dimension. Moreover, it asked by the 
approach which mentioned above the sum total floor area ratio of the open hole of each sample, and 
the sum total floor area ratio of a close hole. In addition, it is magnetic theoretical density 7.55 g/crn3 
It calculated by carrying out. A result is shown in a table 1 . 
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[0086] Next, it asked for the thickness deflection of each sample by the approach mentioned above 
using the 1 st class surface plate of JIS. Consequently, with this invention sample, thickness 
deflection is as remarkable as 0.2 - 0.8%, it was small, and there was very little curvature by the 
uneven contraction at the time of sintering. However, since sample No. 12 had the low consistency of 
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a Plastic solid, sintering progressed and thickness deflection was 1 .5%. If thickness deflection is 
small in this way in a light-gage magnet with a thickness of 1 .5mm, it is possible to produce 
commercially without making the dimension correction by the grinding process. And as shown in a 
table 1 5 magnet property sufficient with this invention sample is acquired. In addition, on the 
occasion of calculation of thickness deflection, the magnetic diameter was used as length between 
couplings of a parallel part. 

[0087] On the other hand, in comparison sample No. 2, since the minimum of the particle diameter of 
the hardener powder for grain boundary phases was not regulated not using the residual sieve, 
sintering progressed too much with detailed R rich powder, and the close hole has decreased. In 
comparison sample No.4, since the Plastic solid of the low consistency formed using the powder of 
the hardener for the main phases with small particle diameter was sintered, sintering progressed too 
much and the close hole has decreased. Comparison sample No. 2 and 4 had thickness deflection as 
large as 2.9 - 6.3%, and it turned out that big curvature has occurred by uneven contraction at the 
time of sintering. Commercial production is impossible if thickness deflection is large in this way. 
[0088] Moreover, since a Plastic solid consistency was high and the consistency variation by 
sintering was small, thickness deflection was as small as 0.9%, but since the hardener powder for 
grain boundary phases was not added, the open void content has become [ the close void content ] 
low highly, and corrosion resistance is low at comparison sample No.l which did not use two 
alloying methods. And coercive force is remarkably low. Since a Plastic solid consistency was high 
and the consistency variation by sintering was small, thickness deflection was as small as 0.8%, but 
since the metal Nd with the melting point high as a hardener for grain boundary phases was used, it 
becomes inadequate melting and flowing in the case of sintering, the open void content has become 
[ the close void content ] low highly like sample No.l, and coercive force is also remarkably low at 
comparison sample No.3. Since it sintered at low temperature, the consistency variation by sintering 
becomes remarkably small, the open void content has become [ the close void content ] low highly 
like sample No.l , and coercive force is also remarkably low at comparison sample No. 5. 
[0089] Next, after cutting each sample and grinding a cross section, the golden spatter film was 
formed in the cross section, the scanning electron microscope photograph was taken, and it asked for 
the average projection cross section per close hole. About sample No. 7, the cross-section photograph 
with which dilation ratios differ is shown in (a) of draw ing 1 , and (b). The close hole formed in this 
drawing of melting and floating of the flake-like hardener powder for grain boundary phases is 
accepted. The measurement size of a close hole carried out to 100 per each sample, consequently — 
this invention sample — the average projection cross section of a close hole — 1 500-25000 
micrometers 2 it was — a thing — receiving — comparison sample No.l , and 3 and 5 — 1 00-700 
micrometers 2 and No.2 — 80 micrometers 2 and No.4 — 5 micrometers 2 it was . 
[0090] In addition, consistencies are 5.5 g/cm3. The above Plastic solid is 2 0.45 kgf/mm. The above 
anti-chip box reinforcement high enough was shown. On the other hand, with the Plastic solid for 
sample No.4 manufacture (consistency 4.45 g/cm3), anti-chip box reinforcement is 2 0.15 kgf 
(s)/mm. It was low. 

[0091] Except having made the <example 2> configuration into the shape of a ring, the example 1 
reached sample No.4, respectively like 9, it reached sintered magnet sample No. 104 and 109 was 
produced. Plastic solid consistencies are 5.76 g/cm3 in 4.43 g/cm3 and sample No. 109 at sample 
No. 104. Although it became, and reached sample No.4, respectively and became a little small from 
9, the consistency variation by sintering reached sample No.4, respectively, and was the same as 9. 
Each dimension of a Plastic solid was made into the outer diameter of 30mm, the bore of 27mm, the 
thickness of 1 .5mm, and height of 7mm, and on the occasion of shaping, the field was impressed so 
that an easy axis might serve as the direction of a path. 

[0092] About these ring-like sintered magnet samples, outer-diameter deflection and bore deflection 
were measured by the approach mentioned above. On the occasion of measurement, each sample 
was laid so that a peripheral face might touch on the 1st class surface plate of JIS, outer-diameter 
deflection is a contact process three-dimension measuring instrument, and bore deflection was 
measured by the inner circumference micrometer. Consequently, although outer-diameter deflection 
is 0.30%, bore deflection is 0.32% and the very small value was acquired in sample No. 109 by this 
invention, outer-diameter deflection reached also to 5.5%, and 4.5% and bore deflection had it. 
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[ impossible for commercial production at sample No. 104 which sintered the Plastic solid with a low 
consistency ] 

[0093] The effectiveness of this invention is clear from the result of the above example. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the rare earth sintered magnet with small 
contraction and its manufacture approach at the time of sintering. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI axe not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The sintered magnet which is a sintered magnet containing R (R is at least one sort of the 
rare earth elements containing Y), T (T is Fe, or Fe and Co), and B, and is characterized by 3-15 
volume % Including a close hole. 

[Claim 2] Consistencies are 7.15 g/cm3. Sintered magnet of claim 1 which is the following. 
[Claim 3] the average projection cross section per close hole — 1000-30000 micrometers 2 it is ~ 
sintered magnet of claims 1 or 2. 

[Claim 4] One sintered magnet of claims 1-3 whose ratios of an open hole are below 2 volume %. 
[Claim 5] One sintered magnet of claims 1-4 whose remainders B is contained for R 0.5 to 3.5% of 
the weight 30 to 45% of the weight, and are T substantially. 

[Claim 6] R (R is at least one sort of the rare earth elements containing Y), T (T) The sintered 
magnet which contains B and it is Fe, or Fe and Co After fabricating the mixture of the powder of 
the hardener for the main phases, and the powder of the hardener for grain boundary phases, Are the 
approach of manufacturing by sintering and said hardener for the main phases has the crystal grain 
which consists of R2 T14B substantially. Mean particle diameter is 20 micrometers. Are above and 
said hardener for grain boundary phases contains R 70 to 97% of the weight. The remainders are Fe 
and/or Co substantially and an aperture is 38 micrometers. It remains to the above sieve and an 
aperture is 500 micrometers. The manufacture approach of the sintered magnet characterized by 
being what passes the following sieves. 

[Claim 7] The manufacture approach of the sintered magnet of claim 6 which makes the ratio of the 
powder of the hardener for grain boundary phases in said mixture 2 - 20 % of the weight. 
[Claim 8] The manufacture approach of the sintered magnet of claims 6 or 7 that Nd occupies 50% 
or more of R of said hardener for grain boundary phases. 

[Claim 9] The manufacture approach of one sintered magnet of claims 6-8 which manufacture said 
hardener for grain boundary phases with a melt quenching method. 

[Claim 1 0] The manufacture approach of one sintered magnet of claims 6-9 which sinter at the 
temperature more than the melting point of said hardener for grain boundary phases. 
[Claim 11] The manufacture approach of one sintered magnet of claims 6-10 which sinter in a 
vacuum. 

[Claim 12] Consistency 5.5g/cm3 Consistency change is the above Plastic solid 0.2 g/cm3 The 
manufacture approach of one sintered magnet of claims 6-1 1 which have the process sintered so that 
it may become the above. 

[Claim 13] Anti-chip box reinforcement is 2 0.3 kgf(s)/mm. The manufacture approach of one 
sintered magnet of claims 6-12 which sinter the Plastic solid which it is above. 
[Claim 14] Compacting pressure is 8 t/cm2. The manufacture approach of one sintered magnet of 
claims 6-13 which they are above. 

[Claim 15] The manufacture approach of one sintered magnet of claims 6-14 which manufacture one 
sintered magnet of claims 1 -5. 



[Translation done.] 
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(15) ±12 (1) ~ (5) <D^-rfrt>(Dm%iM*&$l 

it-TS±IB (6) ~ (14) ov^i**ii»©«feBtfll5©»jfi 

[0 0 11] 

if^ffl*5j;tj%*] Nd 2 Feu Btimm*m<D&M<n 

S:»7. 6g/cm 3 ) Q5 5%SS»^,S (ft4. 2g/ 
cm 3 ) Xh<0. 4 5%&a©£?L£^X-e^-5„ ^rb 



5 

[0012] zh\cttis*%wx*\z, m&o&t^ m^s 

[0 0 13] ±IEM£?L£0l&1--5 fcfe 

2-&&m*m^z>* r - t - b ^m^m^mcto 

Lti|^t5*j£ffc5 0 *3gBJlT*fi, 2 (cfci^ 

J: 5 tc&jfEKftv^gOR y s/^fcfc, fiL#tBffl«^- 20 
M*iU1^5„ ^(7)fii|?-ffiffl«^^f±, Nd 
» Fe„ («*ifc) ^cfi^t-f-Sigit^m^^Wi-So 

[0 0 14] &m<D2&&mXhs &M&l-&#MS£& 30 
5R y yf^ttLt^S^, '<£%<DR y -y^* 

(SUB* £r&]± $ -£5 *(Cf£*B&i&£<£iI Lxm^om 
[0015] **Wro«fejS»50SEiiiftiSlcnBB^?Lt> 

[0 0 16] #^f|T-fi, iSi^jK (5. 5g/cm 3 W±) 

mm^l. 15g/cm 3 £1T) £ijMJ*LV\, ZtHCH 

[0 0 17] *«WtJ;ij»ift*ix*«felSfltS«>««H* 
t± {(BH)max = £) 1 7~2 5MG0e} it, V£M<DR-T- 
B^iU?gSSIifeJK5«tl9fi(g< Sm-Col© 
.Jtf^-r-r y KSS^E {(BH)max =^J15MG0e} itHiitK 50 



#9B¥7-2 0 1 6 2 3 
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&5o R-T-B|B5ttSm-C o SSBfcSlClfc^jiiifl. 

*&«^tt, i|fli5l:ffl^6il-C*fcSm-Co 
l^yf-f y h°ffift<Di-tW&tLXfi-mxfoZ 0 
[0 0 18] aTfC^i-J; 51-, 2 <9 

[0019] 4#FjB¥5 - 4 7 5 2 8 ^fftl'te, 

ft-ett, ST , N d -F e -B«5t&*JC«aSfflJh»J4 

{bLtz&, »5»*Sr«# ( f , .-i3V N ro. 2~5t/cm 2 
©BE*-effiltbTJEt&fl:*fr5o E»»S:5 0 

0-114 0\;^*fe*LTH*M5?LfcWr5R#ttflfcJS 
#£fN, 4 0 0~1 0 0 0tt-ilMit5 o #;^-c\ 

(Dm 1 ~ 2 |£|2, &«j&|£Pflib#J:ir8s;!)nLT 7 0 0~ 1 

0 6 cc-e^u-cKJiufcfiiriift: (mm^mm) <om 

S*SEtt$*fC*3>J, ^ttfedV^-rttti 6. 9g/cn. 3 £A 

[0020] ^«iE«ogu$pajhMf±, $tffc;f^ y v 

[0 0 2 1 ] R^«©*ifeT?f4 6 . 9 g/cm 3 KT©fig 

fifo\ *e>tj!in£EL-c2i*w©^asrfT&ofca, «r 

[0022] **w-ettHS?LSr^i-sfc«)ic0Bea 
/#©Ry 'y?-ffim*mfiai-z<DX\ &Mt>h\m±.-t2> 
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±Ofc*i:T b^Dy <0^*»5KS:*i*flE<DiDUidS«)* 
5„ t^U ^JRTbcOSl^lil 3 5 ^JgDy© 

i^^icfi^js t b ^id y ©ict^atemiM^ $ h 

[0 0 2 3] |5]<k#K£fi, Nd-F e 

9> !Ukffr?tt3. 5#m Oftft*S:ttfflLtV^„ IrI 
1±ffi<nMKMz.Z>}±J]lZ0 . 2~5t/cm 2 tfiJETfe 

[0 0 2 4] #BSHS 60-230959 ^HiffiScli. N 20 
d-F e - B^ift* i: N d - C o t ©l^fe 

(¥*S*fc« 3 ~ 7 /* m ) S:«fe»-fS^ifeasBI!^$ix-CV> 

aas, WAnoMMmx'temm 7 . 4 g /cm 3 <ast$&jft 

[0 0 2 51 #WBS 63-93841 ^-<2r«(C« N R - 
T-B%&&%tfi.bR-X (Xfi, Fe, SfcliF e i: 
B, AU Ti, V, Co, Zr, Nb, MoffllSK 

^£tbT^3o ;L0>R-x£-&f&*tt\ SBkttSrAJ'&i- 30 

^©H^Jt-fi, 1 t/cm 2 LT1000~120 
Otfi^L, ^*7. 4 3g/cm 3 
SigLTV^So IH^SKcii, HJfcWciol^T 1 ~ 5 0 0 
Mm (DR-X^^SrfflV^cW^IE^fc-S^, HIS 
«T?#C)*Lfc*a&«5tt*ft7. 4 3g/cm 3 OlMffcfc 

[0 0 2 61 #MBg 63-278208 R 
fcV^T, Pr, Tb, Dyf^3 2~1 OOii%»|fi 

&£xm&&) i^lbti5^8**o~7 0»i% 
r (Dfimtt. R y 5'^*Srfflv>5 2 Z*K 

3~5/im ©»$*&©T\ H§*gl$fcBI^W:#J*£*l 

[ 0 0 2 7] #M¥5- 2 1 2 1 9^«(Ctt, R 2 T 
h Bffl^fj^SA-^^i:, R, CoFe, BSrg-^U 50 



#M¥7-2 0 16 2 3 
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mmm 5 m m * T-»*&#$nT*3 "9 , ® <binitmm# 

il-T-<T^S7. 4 2g/cm 3 W±©$^& 9 , 

[0 0 2 8] #HHS 6 3- 1 1 4 9 3 9 #43t«fclfi. (ft 
SLi&S;^ (A K Zn, Sn s Cu, Pb, S, In, 
Ga, G e , T e CO'pt£< tfelf) *fctti(SIMwG* 
Sr^tf-r h y y R 2 Tu B^B£14^*£ 

JUffiXgasagtf&Jx-C^S. <C*s, *HBfllJE8(N£f±, 0 
roib&i 9 t>SK l l 5 o'CJ; 1 ? tift^iBg-t-fc"!), f% 

r«1APE?flgii3 0 0~1 10 0X f^ra*BJEJE*fi5~ 
5 0 0 0kgf/cm 2 "CfeSo l^$R-?Wrt&*N? t> Srfr-h 

fRUBIJOffftwMtti-^T 7 . lg/cm 3 Hliftotfe 

m<D¥-i%ft.mte 3 ~ 4 n m i/hST'fc'?, filK^TcSlS: 
^•tf-r h y 5,^ *W*&3fc<£>©Mf I**"? t 2 0 ~ 3 O /z 
m ir/WI-t'&Sc, ^fRlctt, JF*&*t^-Sl 00/im » 

ittS5«i $ fc5d s , w«>*&, gg7. 5g/cm 3 

£Tf?ffif$Mm<D&jm, V^-ftLtl. 5 t/cm 2 

[0 0 2 9] #i¥3-80 5 0 8 -^Sftldte, RF e 

^WtrT/i'^jtfBBUfcflK 4O0~9 0 0troflS®l 

T?JK-9^4«lfe#:iL, ^H^Hi-a-^Nd, Fe 

(x = 0. 65~0. 85) ^NF^S*-f-5^ 

V\ l^^©^llS0i|-efflV^-CV^N d 2 Feu B 

[0 0 3 0] #HBg5 5-1 5 2 2 4-^&$ft|Cfi, Sm 
2 Co^Pr! C o>, m<D2- 1 7^^SrMit-f-S 
f$M&*4 0 0-90 O^T'fi^m, 
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kite, 5~3 0 urn (Otft^ILt 8 0 Ott'ifeL 

tc t # oiCH8*is 7 o r. i: » 115 0 °CX&± 
«ttLfc£#0>iR«*##Ji 2~1 5%T?fcofcr 

mi>XmkLit'&<D%8itf 6 . 8 0g/cm 3 T'foofcri 
<, flt^fiAt>4^Sn^BII^-5. PM5tfRT?li 5 ~ 3 0 

[0 0 3 1 ] #MBg 62-281307 #^(C(i, N 10 
d-F e-BM^^^y h&1000~1150°C 

«r2 0 0 Mm «TO*tS^»#L, tSH*Lfc£-&*fr*0> 

j&B&Z, 5 0 0~i05 ot:«)jaft<6fflTfj*tt-*-5* 

0~1 0 5 0*CTijyfi-f-5<oii» »flHI*:l»*U-C«ffll 
(¥*9&@5^m) 0^»**ffiJE* (2t/cm 2 ) T? 

f&MLtz^ whlx^Zo m&mzte. mm<n® 20 

[0 0 3 2] #ffl¥4-3 1 4 3 0 7 ^fRiCfi, *± 
7 0 0~1 0 0 OX^X3 8fffl&LT&&-rZ>^k^£<0. 

WN&SlStm 6 0 ~ 9 5 i> o 3 W&b&&fl>'*fl' 

5. 6g/cm 3 JWT-Cfc 1 ?, *38fBlc*J»t5ritJe*«l6i: 

[0 0 3 3] - 3 1 4 3 1 5 ^$U£ 

W\ # M¥4 - 3 1 4 3 0 7 ^*HE*0>2Mftf&£'&© 

ktim&mtezhnxhz. mama*, ftmom&it 50 



#i¥7- 2 0 16 2 3 
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<D$m*&8.ft 2 . 5t/cm 2 £U:T*>3©lC*tU ¥$5*g 

M^iT'tt, ni?4-3 1430 7%-&mkmm\z¥i$> 
$m3vin> coas^^a^tWL, uss. 2 g / 

cm 3 WT<7VVu*ft£§!i£U £ felcBffj&lJ L-CffiHi 
tgL< 5. 9~6. 0g/cm 3 KOasrSrRjft 

¥4-314307 ^nm&mo^mz&'&i. v t> £ % 
\c/<A'9&Ek Lxmm-tzz kit^mxfoZo -<z> 

[0034] ±12 Lfc <fc ? fca3fea>¥Sfel£3"&T?Hu s 

m 2 Co,, ^02-1 7|I^f3 0/im ©tW^ 
±#LTLt 5o 

[0035] rni^uwj-m, s-r, ^swRy 

[0 0 3 6] 

[0037] <m^m^>^m<om^m^\t > r (r 

(Tli, Fe, HtzltF eJoitfC offcS) iSiU'B 

[0 0 3 8] «rsi^tt1#fcK££;h,fcv\&s, a^s 

RSr3 0~4 5*4%, 

B^rO. 5~3. 6ii%frtru 

[0 0 3 9] R(i, Y, Yio&tfT9 3-=- YX 

RtLTfi, Nd, Pr, Tb©5VM<H 



(7) 

11 

*L,l\, $.tz. La, Ce, Gd> Er, Ho, Eu, 
Pm, Tm, Yb, Y© 5 *> 1 *£Jl±*r^-Ct il/S 

10 0 4 01 B£**#d>*rt-ff3fcilHBBI###&ti, 

ft<ft9, B^*as^ri?*i:i«a««jitM*#6 

ttft<ft-5„ 10 

[0 0 4 1] ft*3, T^<DQ o%.\tZQ J SM.%S>XYh.-f 

[0 0 4 2] &Mj]i:&Wi-Z1tlhiZ s A 1 , C r , M 
n, Mg, Si, Cu, C, Nb, Sn> W, V, Z 
r, Ti, MoftifWTcH&SsAQLTfcJ;^;^ SSflP* 

# 6 fi »%£igx.5 1 »B*JM6«©fiTsiS[ffl« £ ft 

[0 0 4 3] ^F^tCte, rjlbOxlOl, ^RT^lft 

^rSfi/TVTfcJ:^. 20 

[0 044] &&W<Dmi&M*ft. mtWfijE^fi*© 
ttfiflfifi^ffi&^U ftiitfcJNctt, R 2 Tu B i 9 
<bRJfc*©iii^R y 6. «5©¥*9ifeS 

[0 0 4 5] *«W©tttt«S5tt x K£?L£-£tf 0 

{4a^5© 3 ~ 1 5 fcm%X'fo 9 , L < 14 3 ~ 1 2 # 
H%T*&-5 0 EBffi?L^>ft-f rs'Bt^tt, tt!S«ftc*# 

[0 04 6] BB^?L^-H-W«*K 
5£l K= (Wi -W) /V 

i^II H= 1 -K-W/ (V • p) 

v : v^zf;\^yti>*t>-$.mzvm, 40 

w : -y-i^/ufii;, 

W, : f-^-^USrTK^JCg^L, 1 0 OTorr^T^TM 
p :8£E©S!&&g 

[0 04 7] K^7L©ffm*Jctt>*^l±if#^|JB^$tlft 

KS7LH@fefc"9©5p*SS»»fffi«l4i o o o~ 

3 000 0jum 2 -Cfeir tW*L^„ 4tt#ttDJH£/h 
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LTL4 5fcfe, K£?L©¥i8ft#»iBSftt:— JKfc l 0 
oo um 2 *«flcttft9{c<v\ 1"ftfr*>, ¥-&>&§eWi 
mm& l o o o Mm 2 *lofflM^ffMtJ; 5 

left 9 , HS?Lo-&fMS«!J«/hS < ftoTHX«l^^/h§ 
<ft"bft^ 0 Sfc, HS?Llc»S-t-5ijSfi«|[|tflMaE^3is 

ft5©t\ *«a^i!is#fe^ic<v\ ^ptas^if 

ffia***#1-^5i, ^©BUSd^-H^ft-So * 

fc, ¥*&ft»Wfffia^ 3 0 0 0 0 u m 2 ZMZ-Z>ffl&1L 

nmm^xitmnmmt^^, m& 

<Di&WWte.i^i%- 1 ft V V*. K£?L©»rBfII4, 

*©, rft£ffl£ftl^fcfc9©¥#J&IJ»r»f*i:-r 

[0 04 8] *36W©ftfe($»5©*S»l, 7 . 15 g/cm 
ttT-C*>5wt^»*LV\ 2 0 0/ini^©^© 
&7£JBv^Ti^ffi-CJ&J]H-ixtf, J#ff2ffc©^S£6. 4 
g/cm 3 S*fcK<1-5 3i:iS-e#5iS, W 

^LTt7. 1 5 g/cm 3 5:gt5Mi:t5;i:liBI 
fc«^C7. 15g/cm 3 £S;t5^&£ft5£-?£|j&-t- 

t-feSr t3iSjf*LV\ IS£?L©lfcipf4, w!i£LtzJjm 
let tistfS. 
[0 0 4 9] **w'©jjfeB«5«, JWTlc^i-^-jfeicj; 

*sv ^-c±ffiffl#^©^* t tMMaffl*^^©©* © 

[00 5 0] ^fBfflft-a-^XfSffl #-£&©»£« , 

R3r2 6~3 5 11%, 

BSrO. 5~3. 5M*%^L, 

[0 0 5 1] R 2 T„ B^M^X^ R y y?-tetf1ftfB 

i: ft o TiSftibi" 5 r <k i 9 m&BLfc i>mft-f 5 /J^ , * 
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[0 0 5 2] ^ftffltt^&tt, WJfiUfc^tttllftifiLfc 

**tt<bi-«©T?, USEfSHMfc 

4: « J: 5**&*»ST?*>*n Lv^, # 

1>WT% 0Hx.fi 3~6 0 0/xm g^W 

jE^f&B^fem-f 5 r £ as-ct s„ 

[0 0 5 3] 0* 

L < 14 2 0 n m J£l.±, J; 13 iftS. L<f4 50~350/im 

[0 0 5 4] 3fcttffl#^&<D»*<©Si§#ifef4iWMcBR£ 
^^#LT^*iktTt <tv\ «4MBK>JU:.fc9ll2ftt: 

[0055] <n^-mmM^>^mmm^^i, r 

&7 0~9 711%, £f*L<{47 5~9 2li%t 
aiSBasiSltWKlF ei3±tJ«/**:ttCoT*>5. » 

<b LT2SK«fcNd;£rt&ffl^s;:fcas$fefc#£l, 

<<&3„ Nd 89 Feu (Mfcit) #*^©ilk^il4 6 
4 0^ Nds. Co i 9 (fifiJt) *S^f±5 6 6tt? 
foZtK D y88 Fe, 2 (JEiJfc) *ila-n-&<£>it&l4 8 9 

[0 0 5 6] *^^T-fflV^!Ki#ffifflm^©^*(4, 
PB#^3 8 /im £X±^ »*L<f4Mtd5 5 3 jim £1±CD 
7A-nca@U BB#^5 0 0 fin SXT, £P£L<I4M 

##2 5 0 nm £iT»7/i^r^iiig-t-5tw-efc5„ & 
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Sr^r-f5«W&as#C)*T/*</j:5«l, ffiJMSffl 

[0057] *aiMaffl«^©»it*jfeii#ici8^s4x 

10 LTf4, ^-A»»S:?&aS«t|cfiStt!$*-CJftai-f 5* 
ft, Mtli^o-^, ^n-,H£ x [Hltex^ ^^jfe^ 

fc'#«L-CLS5. ittfe»iBj£ttl 0 0 0lC£JLhfci* 
20 [0 0 5 8] <»#l6*s,fctflR£-lS>±;fBfll:»£-& 

Pf«£&«r«3- U &KlCf£C-C£ fel£ 

[0 0 5 9] fc£tt*Wc:l8tt«iteJMflffl«£'&<0Jt*i 
(4, *f*L< I42~2 011%, 4 >5$?4L< [43~1 

[0 0 6 0] #®^»*&#^f4i|#tcps^$n-f, a 

[0061] <^xm>^imt?{4, ffim-£-&<D® 

40 S*S»SL<»4 5. 5g/cm 3 i 9fiF4 L< 146 . 

Og/cm 3 W±ir^5«t5^fiK^SrfT^5. *it©/h$v^ 

^ft:t?f4, o t-rztm&mo 

©±(Rtt»icftv>a^ 6. 4 g /cm 3 %mz-z>m&t-f5 

Zki*mm-?foZ>o 0<Jx.f4, ^NF(C2 0t/cm 2 w±» 

50 fflt*«|-Cife5dS, «6telWtJ:W««?taSrl»*-t-6nt 
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[0062] fettffsss 

^0. 3kgf/mm 2 £IX, ^k^iO. 5kgf/cm 2 JgJLJt 

[0063] &&i±.ti\-zmmfezix-f, mm<D%m<D 

<J18t/cm 2 Si± s J: 9£?3;L< til 2t/cra 2 £k±k-$- 
5o J#J£l$Wi&i§3£^ii, 1 0 kOeJUX, £f£ L 

< til 5 kOeJ(^±i-f-5o 

[0 0 6 4] mmicmu-t zmm-t, mmmftxh^ 
[o o 6 5] <*usxe>±ia»j;5^ut - #e>nfc^ 20 

[0 0 6 6] «fefefr©*ft*»fe»«Jg*<oa5 
g£MCfdft (ttttttoftAKfc*) ^0. 2g/cm 3 £t 

1-*fc»teW\ L< 111. 5g/cm 3 « 

T> i9ff4L<Bl. 2g/cm 3 WTti - *. 
[0 0 6 7] ttfti$<7>#«*ttfc#fcfaRf±fc<, ^ 

m<r>%Lftttmn&&mm*m^z r. t £ <t t> fisgsa^ 

JfS*SriS<i-5ri:^x-f 5„ AfcWKHi* 9 0 0~ 
llOOtfO. 5~10«MilrlLtj|gU 

ti, X£t£/ctiAr #*^<7)^t£#*#H^-t-fc5 

[0068] <-t©«L>«aga» «ai*iRi±ofc«>^ 

[0 0 6 9] M^<DM'k& : kfa-k£-&Z>tzlt>\zi±^ m& 

BSrRttT 1 *) ii\ 50 
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[0 0 7 0] #3891 ftifii-SJ: 5 4*ftroy 

[0071] <^-fe{iii>*^p^T-fi, -*mum<Dm#> 

[0072] -tt£t>h, #»9iK:«fc*ui» W-ft^&m 
l. 5%£iTfc-t"5rt*s-e#, i 0 /oWT^-r-5r,t t 

mUXh<0, ft**£/¥J8ff£a*l 5£l-h-?*>3*rt 

/55prtg-c*fcS„ ¥frSS£tt:, #iSii-«J|MT*2iii-e»* 
Hfc^py^-efcO, ¥fT^£W-r5B£?ifi:fi, #Jx. 
fi\ ««K5^»P]*«BS5, U 

[0 0 7 3] 4fc, *5SWtJ;tbff, HflSSlSfc^rU R 

XT'fe 5*rt«5l;iov t ^lifc J; i*/* fc tirt 

-rsRfi^^o-y^T'fc'?, Rftigp^w-rs^-bfi, 

SR«lBS:»*i:i-a. Rflf SBW^MKiJIi: (i, Rffi% 

<DMZ¥-i%f*imxmistzmxhz> a wffi&nft&ffi&ts 

■e, -«K*l«fllS6*5J:t/rtafllSfe6*3%K±i: 
[0 0 7 4] **s % n«RgtB4if, ^S/cftSr^TT 
|c{ii SSi±.X3bZ>mfami£U&\z&\t^X-b, RtmSfSco 

[0 0 7 5] *Wj»»lci3V^T, ¥ff^»l¥^iilSfiW 



« • 
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f6^?5, ft^Cfif (Tmax ) bM'hM (Train ) b CQ|g 
(Tmax -Train) £*is65 0 -COjg£, mFfaWrgflSr 

«j£-t3#ffitf);R£ (S¥*l^]ft$) ©H©licftL 10 

XfahtzW. { (Tmax -Train ) /L} £, J¥£{Ilti 

fc<b#K*#4ffii:45, 4*3, SSl*l^coiJiBJ(cio(t 
[0 0 7 6] Rf^lfi5co^iUlioJ:t^rt^{i3tl4WT» 

^^tct-ci5° ®mzittz&, mmtemfezftte o . 

^tf)J; McLT, 15° HBfiiT-JS#fal 8 0° idibfco 

xmi&*-&^ 1 2 mil •? jg-#-„ 1 2 <Dm±m<D o *>ft* 

CO t, CO </> max , 1 2 CDft/HSco 5 *jlbhcD t> »£r *mi 
n £ L, 4>max -<f>min £r*#>5 0 #t(C, 1 2 COft^jit 
<o¥#J b 1 2 cDft/hfilco^FtS i: co^ffi * , Srsfcao, * 
o £¥i^@£fckfc¥£JrtS£1-£ 0 ^LT, { Uraa 
x -*min ) /<*>„ } £, fl^iligS fcfi^MMir-T 

li, (¥*S*M£-¥£irtS) /2£ffli/\fxf*«ki,\ 
[0 0 7 7] 4*3, ^jfefllHwa'J^tcii, 3t^4t*w 

[0 0 7 8] 

[00 7 9] <M1fcM 1 1 40 
[0 0 8 0] ifcT, itSffle^CD-O^V 
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*3, *l)^coagi3ttF et'fei, ^ttib(n&&4>'=ty h 

[0 0 8 1] ^MIIrAr#ltff¥D-;i' 
jfelc J: "9 ftifl U * 1 fc^il&JfcOtftlMBfll*^** 

$0. 1 5mmCO^fflP^-efol9, XlSlEIJf©**** T^sV 
Sr tr ^ 5 /He j; 9 mVt L , # C> ixfc^-#*&* £ |c 
^i"o 4*3, *l(cfi, *tf-&©TR«:«flJH--5ftJt© 

[0082] &<^t-, =tffiffle-&&i9*i«cjMaffl«-& 
[0083] &m&y>}$;mmtpf&M l, a:M2 0nira, 

*1. 5mmC0R^^ft:^#fc o 1 2 kOe 

i-. 

[0 0 8 4] &f&&ftt:X&*'emmLtz&* 

fc^Sr, *ll^-r o Ar#ffl^4'(c*3i/>T 
6 5 O^C-Cl^^^a^lfeLT, P3St©ifel5 

^S^fk*, %i%MMmm (Br) , ^a^J (He j) 

?r, Sil^f. 4*3, B r *3it^Hc j coaj^tcti, 

iSl5i«, 1 OramCOfiSc^^^LT^Lit^ 
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